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ABSTRACT
Testing a Model:

Induced Exposure Of Tryptophan In Neural-Cadherins
(Under the direction of Dr. Susan Pedigo)

Cadherins are transmembrane cell adhesion proteins that are critical for tissue
formation and maintenance. Cell adhesion by cadherin requires binding of 3 calcium ions
at the interfaces between the ectodomain modules. Recent data suggest a model in which
calcium induces a relatively large conformational change in the first ectodomain module,
domain 1, by causing the detachment of the A-strand from the core of domain 1 and
exposure of a tryptophan in the second position, W2. The exposure of W2 is crucial for
formation of a strand-crossover structure that is believed to be the adhesive dimer
interface. In order to establish direct experimental evidence for this model, a construct of
Neural-cadherin comprised ofthe first two ectodomain modules, NCAD12,and its single
tryptophan mutants, W2A and W113A, were examined. Neither mutation significantly
affected the stability of the protein. Mutant proteins still bind calcium, although W113A
showed less stabilization by calcium to thermal denaturation than the wild-type or W2A.
The calcium-dependent characteristics of the proteins were analyzed separately with
fluorescence spectroscopy and size exclusion chromatography. Regardless of the
calcium level in solution, W2A was monomeric. W113A behaved like the wild type
protein in that 1) there was dimer formed that was not in exchange with monomer, and 2)
calcium allowed exchange between the monomer and dimer. We envisioned that a
calcium-induced red shift in the fluorescence emission spectrum would confirm exposure
of W2, however, there was no observable shift in the fluorescence signal with the wildtype or W113A. It is possible that the "open" conformation, in which W2 is exposed, is
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transient and difficult to monitor. We are currently exploring other mutations of W113
with the wild-type calcium binding properties.
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TERMS & ABBREVIATIONS

CADHERIN: Cell adhesion protein.

NCAD12: Domain 1 and Domain 2 of Neural Cadherin.

W2A: The mutant of cadherin in which tryptophan(W)located in the second position is
replaced by alanine (A).

W113A: The mutant of cadherin in which tryptophan(W)located in the 113^ position is
replaced by alanine (A).

STRAND-CROSSOVER MODEL: When calcium binds to the interface ofthe
ectodomain modules of cadherin, the A-strand detaches removing W2 from its
hydrophobic and docking it into the neighboring hydrophobic pocket ofthe adjacent
cadherin.

THERMAL DENATURATION: The observable melting of protein at increasing
increments oftemperature usually performed to measure stability.

TRYPTOPHAN FLUORESCENCE: The excitation oftryptophan in which light is
emitted at a higher wavelength; typically, the highest absorbance is around 280 nm with
the emission in the range of 320 nm and 350 nm.
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1. INTRODUCTION

Cadherin is a Ca -dependent transmembrane protein that binds cells together by
adhesion. It is found in all multicellular animals and is known to be responsible for cell
recognition. The protein represented in figure 1 contains three regions: the extracellular
region, the trans-membrane region, and the cytoplasmic region. The extracellular region
has 5 domains that are seven-stranded, beta-sheet gobular folds (1,2). Three calcium
ions bind at the interfaces between each of these 5 domains causing the structure to be
more rigid. The calcium ions interact with the side chain oxygens ofthe amino acid
residues in the loops that connect the beta-sheets and a linker segment that links adjacent
domains(3, 4). The transmembrane region connects the extracellular region to the
cytoplasmic domain. The cytoplasmic region is imbedded in the cytoskeleton ofthe cell
where it communicates with the surrounding actin filaments through catenin proteins of
the cell (5); this region is supposedly linked to cell signaling and the termination of cell
growth (6).
The physiological role of cadherin is to cause the adhesion oftwo identical cell
types (7), although heterodimers have been observed in vitro (8, 9). Cadherin is critical
for tissue formation and morphology. In vivo, epithelial cadherin only functions when
interacting with epithelial cadherin. Hence, the classic cadherin family has several
members including epithelial cadherin, neural cadherin, and placental cadherin, each
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found in the tissues they are named after as well as other tissues (Neural cadherin is also
found in fibroblasts).
Homophilic interactions are essential for the morphology of organisms. The
proteins interact in two ways: lateral-mtevdiCXions and adhesive-intQmctions. Lateralinteractions are cadherins interlocking on the same cell. Adhesive-mXQXdiCXions are
between cadherins on a neighboring identical cell adhering to each other. These adhesive
interactions require the binding of calcium (10,11).
Cadherin research is vital especially when associated with other areas of research
such as embryology, morphology, and cancer research. Its relation to these fields can
bring more understanding to these studies. For example,the expression of various
cadherins are turned on and off based on the stage of development. In the construction of
the nervous system, the neural tube discontinues the expression of E-cadherin and gains
N-cadherin and other cadherins as it forms and pinches off ofthe ectoderm (12, 13). The
neural crest cells derived and slightly detached from the neural tube express cadherin-7
when migrating, but then forms N-cadherin as they aggregate to become ganglions (14).
This shows the importance ofcadherins and cadherin expression in development.
In another example, cancer is caused by the cells’ inability to stop growing. The
failure of cadherin in cancer cells can lead to metastasis because the cells are unable to
adhere to each other. It can be inquired whether more efficient adhesions are important
or not(15). Ifthe cadherins are more adhesive, then the excessive growth of cells may be
reduced. This is because the cadherins communicate that the extracellular gap between
the cells is bridged, ceasing growth, or alternatively, the more resilient adhesion may
prevent the metastasis ofthe cancer cells. However, if the cancer continues to grow
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causing angiogenesis and later metastasizing, then the adhesion ofthe cells is less
advisable since the bonding ofthe cancer cells promotes unsolicited cancer cells to grow
in other tissues. Through the research of cadherins, cancer cells can be more predictable
and understandable. Extensive studies ofthis protein can help prevent these and other
problems in other examples from occurring.
The main emphasis ofthis study is to test a popular model regarding formation of
the adhesive dimer. These studies are designed to observe the exposure of tryptophan
when calcium ions bind to cadherin. Calcium causes an overall increase in stability of
the protein structure (16). It has been indicated by previous experiments and is illustrated
in figure 3 that if calcium binds at the interface ofthe protein, then a conformational
change occurs in which the A-strand detaches from the core of Domain 1 exposing the
conserved tryptophan in the second position, W2,from its hydrophobic pocket thereby
transitioning the protein from the “closed” state to the “open” state (17,18). Since the
W2 is exposed and tryptophan fluorescence is dependent on solvent accessibility, W2
fluorescence should provide an obvious spectroscopic signal. According to the model
being tested, the A-strand with the exposed tryptophan participates in a strand-crossover
structure that is said to responsible for the adhesive dimer interface. The closed state is
under strain due to a short A-strand with a conformationally restricted Pro-Pro bond (19).
Relieving the strain by the detachment ofthe A-strand helps offset the energetic penalty
of W2 exposure.
The experiment focuses on a two-domain construct of neural cadherin seen in
figure 2. The construct, NCAD12(N for neural, CAD for cadherin, and 12 for the two
domains)evidently is the smallest fimctional unit ofthe protein that binds calcium and
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can dimerize(20)and the construct contains two tryptophan residues: W2andW113. In
order to specifically observe the exposure of W2,site-directed mutagenesis was
performed. Two mutants were created of NCAD12. For one mutant, W2 was mutated to
W2A while the other mutant, W113, was mutated to W113A.
These two residues were mutated to observe spectrally the exposure of tryptophan
due to calcium binding. In order to identify the signals from each of the two-tryptophan
residues, each protein was mutated to include only one tryptophan. W2,the said main
component for adhesion (21,22), is the focus ofthis research. W113 has been seen as
just part ofthe structure of NCAD12,therefore the mutation of W113 should be
inconsequential and mimic the wild-type. These mutants and the wild-type proteins were
tested to determine the effect ofthe mutation on the overall stability ofthe protein in the
apo-state, and the increase in stability upon binding of calcium. Secondly, the spectral
signal from each tryptophan was monitored by studying the single-tryptophan mutants.
W113A provided the signal from W2. W2A provided the signal from W113. The wildtype protein provided the sum of the two tryptophan signals.
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2. MATERIALS & METHODS

Plasmid Preparation

A sample oftransformed cell lines was acquired from NCAD12 maintenance cell
stock. The sample was streaked onto an LB-Kanamycin media plate and the plate was
then placed in an incubator for at least 16 hours at 37°C. When colonies appeared, a
single colony was inoculated in liquid broth culture(50 ml LB and 50 pi of kanamycin)
at 37°C rotating at 200 rpm. The cloudy liquid culture was poured into two 50 ml
conicals(25 ml each) and centrifuged for 10 minutes at 4°C, 3000 rpm in a clinical
centrifuge. The supernatant was decanted and the cell pellet was stored.
A volume of250 pi of Buffer PI mixed with RNase was added to the cell pellet.
Buffer PI resuspends the pellet, while RNase digests the RNA from the cell line. The
mixture was transferred into microfuge tubes. A volume of250 pi Buffer P2 was added
to the eppendorf and mixed thoroughly by inverting the tubes. Buffer P2 lyses the
bacterial cells at an optimal time, which allows the maximum release of plasmid DNA
without releasing chromosomal DNA. Buffer P2 also denatures chromosomal DNA,
plasmid DNA,and proteins. A volume of350 pi of Buffer N3 was mixed into the liquid.
This buffer neutralizes and adjusts the environment ofthe lysate to high salt binding
conditions causing the denatured protein and chromosomal DNA cellular debris to
precipitate, while the smaller plasmid DNA reforms correctly and stays in solution. The
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mixture was centrifuged for 10 minutes at 13,000 rpm. The supernatant containing the
plasmid was decanted into Q1A spin prep columns. The columns were centrifuged for
one minute and the flow through was discarded. A volume of0.5 ml of Buffer PB, which
removes RNase and binds the plasmid DNA to the silica membrane, washed through the
Q1A prep spin columns and the columns were centrifuged for a minute. The flow
through was discarded. Adding 0.75 ml of Buffer PE,a washing buffer that removes
salts, and centrifuged for one minute, washed the columns. Placing the Q1A prep column
in clean 1.5 ml microcentrifiige tubes. A volume of50 pi of water was added to the
center of each Q1A prep spin column. The liquid stood for a minute and then it was
centrifuged for one minute. This produced pure plasmid in water. The presence of
plasmid was detected by performing agarose gel electrophoresis.

Primer Design

QuickChange® (Novagen) provided the protocol for designing the primers for the
point mutations of W2A and W113A. The mutations were designed in the middle ofthe
primers with about 10 to 15 bases ofthe accurate sequences on both sides. The melting
temperature ofthe primers should be greater than 78°C and can be calculated using the
equation:
Tm = 81.5 + 0.41(%GC)-675/N -% mismatch
N is the primer length in bases and the values for %GC and % mismatch are whole
numbers. The primers are made to terminate at G or C bases for stability.
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(1)

Table 1. Mutated Primers
NCAD W2A Sense
5’- GGT ATT GAG GGT CGC GAC GCG GTC ATC CCG CC - 3’
32bp Tni>75°C
NCAD W2A Anti5’- GGC GGG ATG ACC GCG TCG CGA CCC TCA ATA CC -3’
32bp Tm>75°C
NCAD W113A Sense 5’- CTC CAC CAG GTT GCG AAT GGG TCT GTT CCA GAG GG -3’
36bp
72.9 T
NCAD W113A Anti- 5’- CCC TCT GGA ACA GAC CCA TTC GCA ACC TGG TGC AG -3’
36bp Tm~ 74.2 T

Polymerase Chain Reaction

This reaction amplifies the parent plasmid using mutagenic primers. Each
daughter plasmid contains the proper mutation. The two sample reactions were prepared
by mixing 5 pi of lOx reaction buffer, 3 pi ofdsDNA template, 5 pi of oligonucleotide
primer #1,5 pi of oligonucleotide primer #2, 1 pi of dNTP mix, and ddH20 to a final
volume of 50 pi. The 1 pi ofPfuTurbo DNA polymerase (2.5 U/pl) was then added into
the mixture. The PCR mix was placed in a thermal cycler. The first segment, which
denatured the parent plasmid, was 30 seconds at 95°C. The second segment ran for 15
cycles; each cycle ran first at 95°C for 30 seconds, then 55°C for one minute, and finally
68°C for 5 V2 minutes. The reaction was then placed on ice for 2 minutes to cool the
reaction to < 37°C. Agarose gel electrophoresis was performed.

Digestion with Dpn I

Dpn I is a restriction enzyme that destroys the parent plasmid so that only the
mutated daughter plasmids remain in solution. A pipet of Ipl of Dpn I restriction
enzyme (lOU/pl) was added directly to each ofthe two amplification reactions. The
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solution was gently and thoroughly mixed and then spun down in a micro-centrifuge for a
minute. The reaction mixture was immediately incubated at 37°C for 1 hour to digest the
parent supercoiled dsDNA. Afterwards, the Dpn 1 treated cells and the control, which
contains just parent plasmid, were plated and incubated overnight. Another plasmid
preparation was performed as a transformation control. An agrose gel electrophoresis
was performed after digestion and for the second plasmid preparation.

Transformation of Maintenance Cell Stock

XL 1 -Blue supercompetent cells were gently thawed on ice. When thawed, 20|il
of the supercompetent cells were aliquoted to a prechilled 14-ml BD Falcon
polypropylene round-bottom tube for the controls and samples and put in ice. About 1 pi
of the Dpn I-treated DNA from each control(pUC18)and sample reaction were
transferred to separate aliquots ofthe supercompetent cells. The transformation reactions
were gently swirled and incubated on ice for 5 minutes. The transformation reactions
were then heat pulsed for 45 seconds at 42°C and placed on ice for 2 minutes. The 0.5 ml
of NZY broth was preheated to 42T and added to the transformation. The
transformations were incubated at 37°C for one hour with shaking at 220 rpm. Each
sample was plated on each oftwo LB-kanomycin plates. The plates were incubated at
37°C for more than 16 hours. This procedure was repeated for an expression cell line
BL2I(DE3).
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Preservation of Maintenance Cell Stock

After incubation, one colony was picked from each transformation. They were
inoculated into 5 ml of LB liquid culture with 5 pi of kanomycin. Then they were grown
for 5 to 6 hours in the incubator at 37°C for about 250 rpm. Afterwards, 1.3 ml of80%
glycerol was added, and 1 ml ofeach transformation was aliquotted into 2 ml-screw top
vials. The samples were frozen at -80°C. This procedure was repeated for an expression
cell line BL21(DE3).

Expression Test

The LB-Kanamycin plates were streaked with BL 21 (DE3)expression cells.
They were then incubated overnight at 37°C. Kanamycin was added to 5 ml of LB liquid
culture. Single colonies were picked from the transformation plate and inoculated in 5 ml
of LB-Kanamycin liquid culture. The cultures were then incubated for about 3 hours at
37°C for 200 rpm. The absorbance at 600 nm for the blank was checked against LB only.
When the samples were between 0.6 and 1.0 AU,the culture was induced with IPTG
(isopropyl-beta-D-thiogalactopyranoside). The mixture was grown for 2 hours at 37°C,
200 rpm. Then the liquid culture was taken from the incubator and spun for 15 minutes
at 3000 rpm in 4°C. The supernatant was decanted and the leftover pellets were frozen.
A gel was run for the pre- and post-induction samples. The cells were resuspended in
about 10 ml of0.020 M HEPES and 0.1 M KCl at a pH 7.4 buffer. The samples were
frozen in 50 ml conicals at -20°C.
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Sonication and Purification of Inclusion Bodies

The samples, after thawing, were sonicated on ice for ten minutes with the
sonicator on and off every two seconds. The cells were then centrifuged for 45 minutes
at 4°C and 13000 rpm. The supernatant was decanted. The left over pellet was washed in
15ml of 10% Triton-X and incubated at room temperature for about lOminutes. The 10%
Triton-X suspension was centrifuged for 20minutes at 4°C and 13,000 rpm. The supe
was decanted. The 1% Triton-X buffer was added to rinse pellet. The samples were
vortexed to dissolve the pellet and incubated for 10 minutes. The mixture was centrifuged
for 20 minutes at 4°C and 13,000 rpm. Then the supe was decanted and saved for gel
electrophoresis. Another 1% Triton-X was added to rinse the pellet and the same steps
for the first 1% Triton-X was executed.

Histidine-Tagging Chromatography

The pellet was taken up in 6 M urea binding buffer for histidine-tagging
chromatography (His-Tag). It was frozen and stirred overnight. The sample was then
thawed and centrifuged at 13,000 rpm,4°C, and 20 minutes to get rid ofthe black
substance, which was found in the top ofthe mixture and was collected at the bottom of
the microfuge tube after centrifugation.
A blank run of binding buffer was done on the His-Tag column to decontaminate
and equilibrate the column. A volume of5 ml sample was loaded onto the His-Tag
column and filtered. The protein contained in the His-Tag columns was then purified by
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washing with 30 ml of Binding Buffer, 20 ml of Washing Buffer, and 30 ml of Elution
Buffer. Samples of the solution were taken for the gel and the remainder was saved at
4°C. The procedure was repeated on the remaining supernatant at 7.5 ml aliquots. The
samples were collected at 5 ml per tube. Gels were run to find the protein in the His-Tag
fractions. The sample was then dialyzed overnight in 2 L of Trypsin Buffer. The
samples were then put through a UV-light spectrometer to calculate the concentration of
protein.

Digestion in Trypsin Buffer

An immobilized and refrigerated TPCK-Trypsin bottle was shaken up to suspend
trypsin beads (trypsin protease is attached to these tiny beads). The enzyme was
equilibrated by pipetting 1 ml ofthe beads into 3 ml ofthe dialysis buffer. The mixture
was vortexed and then centrifuged for 10 minutes at 3500 rpm. The supernatant was
decanted. Equilibration was repeated twice. To digest the protein, 3ml ofthe protein
(wild-type, W113A,and W2A)was added to the equilibrated enzyme and was vortexed.
The sample was then left to digest for 4.5 hours on a shaker at 250 rpm. It was then
centrifuged for 20 minutes. The supernatant, which contained the protein, was collected.
After running the first digested sample through gel electrophoresis, it was
discovered that the sample was not fully digested. Another sample was digested again by
pipetting 500 pi of the protein sample in 250 pi ofimmobilized TPCK-Trypsin with the
microcentrifuge tube as the container(6 microfuge tubes were used per sample to
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increase the surface area). The samples were digested for 3 hours. The first sample
previously digested was digested again by dividing into six microflige tubes.

Size Exclusion Chromatography

A 100 ml Sephracryl S-100 column was used to exchange the digest into a
suitable buffer and to remove large aggregates and the cleaved label. Buffer was 10 mM
HEPES,40 mM NaCl, pH 7.4. The column was equilibrated at a flow rate of0.2
ml/minute overnight. The flow rate was 0.5 ml/min. Injection volumes were less than 5
ml. Fractions were collected in 3 ml volumes and screened for purity using SDS-PAGE.

UV Spectroscopy

U V spectroscopy was used to find the concentration ofthe protein stock and its
extinction coefficient. The Cary 50 Bio UV-Visible Spectrophotometer was used with
light traveling through a 1cm cuvette. The extinction coefficient ofthe denatured protein
was calculated with the equation:
£280 (M**cm*‘)=(#Trp)(5,500)+(#Tyr)(1490)+(#Cys)(125)

(2)

This extinction coefficient was used to calculate the concentration of protein in the
original stock. Once that was known,the 8280 native protein was easily calculated using
Beer’s Law and the absorbance of the native solution.

Circular Dichroism
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The samples - wild-type, W2A,and W113A - were made into 24 pM stocks. The
AVIV 202SF circular dichroism spectrometer(CD)was used for the following
experiments.

Spectra Acquisition: For each stock, two volumes of 100 pi were pipetted into microfiige
tubes. The 100-pl samples of the wild-type and the two mutants were divided into two
2+

categories: Apo or Ca^^. A final concentration of calcium, 1 mM,was added to the Ca
saturated samples. Spectra were processed by subtracting a buffer spectrum and
correcting for minor differences in spectral offset.

Thermal Denaturation
Calcium binding stability was observed by monitoring the CD signal as a function of
temperature of all 3 proteins. The temperature in the cuvette was monitored with a
temperature probe. The CD signal(m deg) was plotted versus the temperature in the
cuvette.

Analytical Size Exclusion Chromatography

Analytical size exclusion chromatography(SEC)was used to determine the
relative concentration of dimeric and monomeric forms ofthe protein in the stocks.
Experiments were performed on an Amersham Biosciences AKTA Purifier HPLC with a
TM

Superose-12

10/300 GL Column (Tricorn™). Standardization consisted of injecting
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Blue Dextran (2,000,000 D; excluded volume), Ovalbumin (46,000 D), and acetone(60
D; included volume), and measuring the samples against these standards.

Native Page

Native PAGE is another way of determining dimerization ofa protein. The gel
was a standard SDS-PAGE recipe without addition of SDS in the running buffer, loading
buffer or gel matrix. The gel buffer was Tris Glycine and contained 17% Acrylamidebis Acrylamide. Samples were placed in loading buffer (glycerol and bromphenol blue)
and loaded on the gel without heating. This process was used to confirm dimerization.

Fluorescence Spectroscopy

Using a PTI QuantaMaster^'^ spectrofluorometer, the intrinsic tryptophan
fluorescence was measured at an excitation of280 nm and 290 nm,25°C. The tryptophan
signal of the mutant W113A is the emission of W2 and the tryptophan signal from W2A
is from the emission of W113. The samples were measured in the apo-state, with 0.5
mM calcium, and with 5 mM calcium. Emission spectra were taken from 300 to 450 nm
for each protein with a one second averaging time.
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3. RESULTS

Spectral Characterization

All three curves, shown in figure 4, have the characteristic peaks ofthe tyrosine
and tryptophan: local maximum at 280 nm and for tryptophan, a shoulder at 290 nm.
From past studies, these curves typify proteins with tyrosine and tryptophan. The
absorbance of the wild-type measured by the UV-visible spectrometer is 0.3 AU. The
absorbance of W2A and W113A are the same at 0.2 AU.
The relationship ofthe three constructs is shown in a difference graph (figure 5).
The difference between W2A and the wild-type is similar to the difference between
W113A and the wild-type. The difference curve of W2A and W.l 13A is around zero (the
curve is near the x-axis). The results are expected since W2A and W113A have the same
number of tyrosines and tryptophans and one less tryptophan than the wild-type.
From the UV-visible spectra, the extinction coefficient and native protein
concentration were found. The results are seen in Table 2.

Table 2. NCAD12 Extinction Coefficients and Concentrations
W2A
Wild-type
12500 + 200
19300 + 800
^Native
18450
12750
^Denatured
3
1.51 X 10'" M
Concentration (native) 1.57 X 10'^ M
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W113A
13008 + 300
12750
1.39 X 10’^ M

In figure 6, CD spectroscopy shows that the secondary structure ofthe wild-type,
W2A,and W113A is a beta-sheet. When reading the spectral graph, it is important to
realize that if the signal is less then zero, the more negative the signal, the greater the
signal. At a signal above zero, the more positive the signal is, the greater the signal and
vice versa. The more negative or positive a signal is, then the protein is in a more
ordered conformation. The spectra have a local minimum at 218 nm. At this
wavelength, the CD signals in the apo-state decrease (or become less negative) when
calcium is added; the wild-type and W2A are similar to each other in the apo-state both
having a less negative signal than W113A. When calcium is added, the signals for each
protein are greater. The wild-type and W113A with calcium have similar signals, which
are lesser than the W2A signal. The spectra also have local maxima around 230 nm. At
this wavelength, the wild-type has a higher signal than the mutants, and the signal for
W2A,at the same wavelength, is barely higher than the signal for W113A.
The curve for W113A appears to have a slightly different shape than the other
protein constructs. The area above the curve (over the minimum)of W113A has a larger
width than the area above the curves for the wdld-type and W2A. The local maximum of
W113A is at 237 nm unlike the wild-type and W2A,which have a local maximum at 232
nm though the peak for wdld-type is higher than the peak for W2A.
The thermal denaturation data in figure 7 shows that the three proteins are alike in
stability without the addition of calcium since their temperature melts are very similar.
After adding calcium, all temperature melts increased, but both the wild-type and wdldtype substantially increased, while W113A increased only about ten degrees.
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The tluorescence spectra (figure 8)revealed that when 5 mM ofcalcium is added
to the wild-type. W2A,and W113A, hardly any shift change is observed. The
fluorescence intensity increases with the addition ofcalcium for the wild-type and W2A,
which may imply that calcium affects W2 in a way that increases the fluorescence
intensity.

Dimerization

Constructs that contain W2(the wild-type and W113A)should be able to form
dimer. Both analytical SEC and Native Page were used to observe dimer. The analytical
SEC, in figure 9, shows that with calcium W2A contains only monomer while the mutant
W113A consists of both dimer and monomer molecules with the majority being
monomer. In figure 10, native PAGE shows the same results with and without calcium.
It includes the wild-type, which also contains both monomer and dimer along with
W113A.
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4. DISCUSSION

Tryptophan has a unique role in the strand crossover dimer model. Because
tryptophan has special spectral characteristics, it is possible to monitor strand crossover.
In the two-domain construct, one tryptophan is found in each domain. Since tryptophan
has unique spectral qualities, they can be considered as probes ofconformational changes
in each domain.
Single tryptophan mutants were created in order to observe the emission of each
tryptophan, especially W2. Following this information, the fluorescence signal of W2A
is from W113. The residue, W113,is located far from the calcium binding sites. It is
exposed on the surface of the protein and should be independent of Ca^^ binding. The
mutant has the same stability as the wild-type. Also, the W2A mutant should not
dimerize since W2 is essential for formation of strand crossover dimer (21, 22).
The mutant W113A contains the W2 residue, which fluorescence signal
originates. W113A forms dimer as does the wild-type since W2 is responsible
dimerization. The mutant should have similar stability and Ca^"^ binding affinity as the
wild-type. Calcium binding should induce exposure of W2, which is indicated in the
model.
The spectral characteristics of NCAD12 do seem to be compromised. In figure 7,
the CD spectra showed that the stabilization of W113A by 1 mM calcium is not effective
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compared W2A and the wild-type. W2A was more stable in the apo-state; it is assumed
to be in the open conformation in which the proline-proline interaction is less stressed
and therefore relieves strain in NCAD12. It can be assumed that W2A became more
stable with the addition of calcium along with the wild-type which melted at higher
temperatures when calcium was added and the A-strand detached from Domain 1. The
wild-type and W113A were expected to have the same characteristics since both
variations contain W2 and the mutation W113A should not significantly have changed
the protein structure especially when W113 is located with its ring structure facing
outside the surface of the protein. The W113A mutation should not be a significant
factor in protein stability and function, and the protein should be more stable with the
addition of calcium. The W113A construct, however, did sigmficantly stabilize when 5
mM of calcium was added, but precipitated when the temperature reached approximately
70°C. However, the average concentration of extracellular free Ca^^ in the body is 2
mM. This and other characteristics may signify a strange anomaly with this specific
mutant.
Other spectral characteristics did comply with the expected protein structure. The
UV spectrum, figure 6, shows that the absorbance ofthe wild-type was 0.1 AU larger
than the two mutants, which were scarcely different from each other. This is a significant
change although the difference between the wild-type and the mutants was only 33%
instead of the anticipated 50% change. If the absorbance ofthe wild-type was twice the
absorbance of the mutants, then it explains the data in figure 4 in that the wild-type
comprises of two tryptophan residues, while the mutants consist of only one. This
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occurrence in the wild-type may be the result of the quenching between the two
tryptophan or the five tyrosine residues reducing the signal read.
The wild-type and the two mutant NCAD12 are also characterized by their ability
to dimerize. This trend was obser\'ed by size exclusion chromatography and native page.
The analytical SEC (figure 9)revealed that W2A is monomer, while W113A consists of
both monomers and dimers. Native PAGE,in figure 10, showed the same result Due to
their sizes, monomer migrated more quickly than dimer in the native gel.
It was abnormal to see that in the native PAGE,the wild-type and W113A were
dimer and monomer in the apo-state. The model expresses that when calcium is added,
the protein stablizes and strand-crossover occurs. This may mean that calcium stability is
not required for the A-strand to detach leading to dimerization or that both W113A and
the wild-type are defective. The latter is unlikely for the wild-type since the other
characterization experiments for this research and past projects have confirmed the
viability of the wild-type. W2A showed the expected monomer gathering evidence that
tryptophan in the 2"^^ position is responsible for adhesion.
Though NCAD12 W113A did demonstrate dimerization, it was not fully
dimerized. This and other irregularities noticed with W113A raise the question: did any
errors occur? It is suspected that the structure may be the problem. Another observation
made about the structure of mutant W113A is that in figure 6,the curve representing
W113A with and without calcium seems to have formed more to the right compared to
the wild-type and W2A,which are more uniformed except for the different heights in
peaks. This shift may indicate that the structure of W113A is formidably different from
the wild-type; W113A should mimic the wild-type in function and stmcture (except for

20

the mutation). Also in figure 8. the CD spectral change of W113A with the addition of
2+

Ca

was not as significant as the other NCAD12 constructs.
The main experiment for this research, fluorescence spectroscopy, did not satisfy

the hypothesis of the calcium binding induction of tryptophan exposure. It was expected
that when tryptophan is exposed, a red shift would occur. Instead ofthe expected red
shift in W113A when 5 mM of Ca“^ was added, hardly any spectral change occurred.
The fluorescence reading for the wild-type and W2A also did not show any spectral
change. However, the fluorescence intensity change for W2A was greater compared to
the wild-type. No fluorescence intensity change was observed for W113A. From this
information, we can interpret that maybe Ca^'^affects the fluorescence signal of W113.
The reason for this affect has not been found.
Based on the fluorescence spectra in figure 8, various conclusions can be made
about NCAD12. The main concern of this experiment is monitoring the transition ofthe
protein construct from the “closed” state to the “open” state. From the fluorescence
spectral data, the emitted wavelength decreased (blue shifted), which may mean that
tryptophan is more enclosed in the protein. This observation was not expected and is not
consistent with the proposed model of tryptophan exposure. Therefore the observation
was difficult to analyze and showed no conclusive results with fluorescence
spectroscopy.
Possible explanations have been considered from the fluorescence data. It is
possible that the transition from the open conformation is transient making it difficult to
monitor. The time dependency of the tryptophan exposure could be an explanation ofthe
inadequate fluorescence reading since the problem could be the uncertainty of the
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kinetics in the fluorescence signal change. The movement of W2 on the A-strand may
be extremeh- quick or slow for the spectrometer to measure. From these assumptions, the
problem is. perhaps, not with the structure of NCAD 12, but with the fluorescence reading
itself.
The fluorescence signal observed for one tryptophan may have been affected by
several other factors. An experiment was done in which the wild-type and the two
mutants were excited at both 280 nm and 290 nm. Excitation at 280 nm was used for the
measure of tryptophan exposure. The readings revealed that the signal is greater when
excited at 280 nm meaning tyrosine affects the tryptophan signal producing a greater
emission. Also, in totaling the emission signals ofthe two mutants for each excitation
and matching them with the actual wild-type signal, the sum the tryptophan signals ofthe
two mutants is less than the tryptophan signal from the wild-type. The two tryptophans
in the wild-type probably interact increasing the signal from the wild-type construct.
Another explanation for the differences in the sums the mutants and the wild-type
is that the mutant W113A changes Domain 2 such that less energy transfer exists from
the tyrosines to the tryptophan observed.
Currently, it is assumed that the structure is the problem. The 113*^ positioned
tryptophan did not seem to be a vital part ofthe NCAD12 construct or the 5-domain
structure in general. It is understood that the orientation ofthe aromatic rings are facing
outside the protein structure thus not playing an important role in protein structure or
function. The results of these experiments reveal a different argument. Because ofthis
situation, experiments are underway to solve the incongruities, especially in the mutant
W113A. Instead of mutating tryptophan 113 to alanine, the residue will be mutated to
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phenylalanine (W2F). Fhc structure of phenylalanine is similar to tryptophan in that it is
aromatic and large, though not as large as tryptophan. Phenylalanine does not absorb at
280 nm as docs tryptophan and has a much weaker emission signal compared to
tryptophan. I'his may soK c the supposed functional problems of NCAD12.
Also, the quenching effect on tryptophan is being explored. Neighboring
protanated acidic groups, such as aspartate and glutamate, can affect the signal of
tryptophan. This may help in deciding other future experiments.
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Figure 1. General schematic of cadherin: The picture on the left portrays the
extracellular region, a transmembrane region, and a cytoplasmic region of classical
cadherins. The extracellular region is composed offive domains represented by
numbered cylinders. The transmembrane region is represented a black rectangle, and the
cytoplasmic region is denoted by a white cylinder. The illustration on the right depicts
the “Greek key” topology of the 7 strands in each of the modular extracellular domains.
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Figure 2. Two-domain construct of neural cadherin: A two-domain construct is the
smallest functional unit of cadherin. fhis depiction shows a tew important residues in
the function of the protein. D1 is the first residue ot cadherin; W2 docks into the
hydrophobic pocket of itself or a neighboring cadherin.
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Figure 3. Tryptophan exposure model: Tryptophan 2, W2,is docked into its own
hydrophobic pocket; NCAD12 is in the "closed" state. A conformational change occurs
when calcium is added inducing the exposure of W2; NCAD12 is in the “open” state.
The exposed tryptophan docks into the neighboring subunit leading to the formation of
dimer. This work addresses the first reaction: the opening of the monomeric structure.
The blue star is tryptophan (W2 and W113), the red star is exposed W2,the black dots
are Ca"*, the pink cylinders are Domain 1 and Domain 2.
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Figure 4. UV-Visible Spectroscopy of the wild-type and mutants: WT is the
abbreviation for the wildtype; these spectra are the wild-type (red), W2A (blue), and
WI 13A (green) at 15pM protein. As seen above, the wild-type has a higher absorbance
than the mutants due to the extra tryptophan it possesses.
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Figure 5. Spectral Differences between the wild-type and mutants: These spectra are the
difference of one subunit compared to the another subunit. It compares the two mutants
and the mutants to the wildtype - W2A - W113A (red), wild-type - W2A (blue), and
wild-type - W113A (green).
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Figure 6. CD Spectra of the wild-type and mutants: The spectra show the secondary
structure of the wild-type (red), W2A (blue), and W113A (red). In each case, the apo
state spectrum has a larger (more negative) signal or a more ordered conformation than
the Ca

added condition.
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Figure 7. Thermal-denaturation in the Apo-state and in ImM Ca^^ solution; Thermal
denaturation monitored by the CD spectra measures the stability of the NCAD12. In the
apo-state, represented by the top-most graph, W2A (blue), the wild-type (red) and
W1 13A (green) have similar transitions and therefore the same stability. When 1 mM
Ca

2+

is added, the signals of the wild-type and W2A shift significantly to the right, while

the signal for W1 13A hardly changes.
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Figure 8. 1'luorcsccnce Spectra measuring tryptophan exposure: The wild-hTJe (red),
W2(blue) and W 1 1 3 A (green) were observed by measuring the exposure of tiy^ptophan
with or without calcium through the nuorescenee spectrometer. Hardly any signal
change was obser\ ed tor the \\ ild-t> pe and the W113A mutant.
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Figure 9. AnaK tical SI C: nimcri/aiion was observed by using size exclusion
chromalographx-. I bc

t'lv' left represents dimer (D). and the peaks aligned to the

right represents monomer (M). W2A is monomer, which follows the model that
tryptophan in the second position is responsible for dimerization.
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Figure 10. Niuivc Page: Dimeri/ation is observed through native page. The gel consists
ofTris Glycine and 170 () Acrylamide. With or without calcium, the results are the same;
W113A and the uild-t>pe arc both dimer and monomer and W2A is monomer with and
without calcium. Monomer tra\ eled farther down the gel because of its smaller size.
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